The bulk of a tectonic plate is thought to move continously at a rate consistent with the geologic average. On the other hand, movements are highly episodic at plate boundaries. We study the plate dynamics that relate to these two different modes by modelling the displacements observed using This analysis indicates values of about 10 m2/s for the stress diffusivity and 0.3-2 X 1018 Pa s for the Newtonian viscosity of the lower layer. However, no significant correlation exists between the observed and modeled vertical displacements probably because of the relative inaccuracy of the vertical component observations. Assming that contemporary plate motion is the sum of many displacements that have diffused from boundaries where episodic displacements occur periodically, we simulate the spatial transition from episodic to continuous plate movements. The plate "boundary zone" where movements are episodic or quasi-episodic is of the order of 100 km wide, depending on the stress diffusivity (which may be fairly uniform throughout the world) and the frequency of episodic movements.
INTRODUCTION
Since the beginning of the plate tectonic theory in the 1960s, it has been questioned whether plate movements are continuous or episodic. In the last decade, newly developed space geodetic techniques, especially very long baseline interferometry (VLBI), provided evidence that contemporary plate movements are continuous and have rates fairly consistent with those deduced for geologic time scales, e.g., the RM-2 [Minster and Jordan, 1978] The present study covers a much more extensive area because GPS was used and a much more complete picture of the deformation field was obtained.
Marine geophysicM studies Mso reveal some morphological similarities between mid-ocean ridges and the neovolcanic zone in NE Iceland. On the Reykjanes Ridge southwest of Iceland, the submarine topography is characterized by a series of en echelon ridge segments of similar dimensions to the subaerial central volcano/fissure swarm systems in NE Iceland [Johnson and Jakobsson, 1985] . The work we report from NE Iceland is therefore not only important as a unique tectonic study in Iceland but is also relevant to understanding worldwide accretionary plate boundaries. Seven TI-4100 GPS receivers were used for each survey. In 1987, a six-satellite morning observation window 3 hours 20 min long was used. In 1990, seven satellites were tracked during observation windows lasting 4 hours 10 min from midnight. In 1990 a small number of short additional observation sessions were used in the afternoon.
Most of the points were measure• more than once during each survey. Selective availability (SA), a dehberate degradation of the signal and broadcast orbit quality for civihan users, was in effect for the first two thirds of the 1990 survey. Carrier phases and P code pseudoranges were recorded for both the L1 (1.5 GHz) and L2 (1. For this work, the phase preprocessing (cycle slip detection and correction) part of the Bernese software, "MAU-PRP," was replaced by "Turbo-Edit" [Blewitt, 1990] . Phase preprocessing constitutes two operations; (1) detecting cycle slips (identifying the epochs where cycle slips occurred) and [Heki, 1992] to produce a final set of site coordinates and a corresponding covariance matrix.
Between-Session Site Coordinate Repeatability
Both campaigns were conducted using seven receivers. In each session a reference point was occupied and one or two other points were common to the next or the previous session. We evaluate the between-session repeatabilities of the site coordinates using the weighted root-mean-square of the differences between the coordinates from the individual sessions and the network solution. These repeatabilities are compared for three solutions for the two surveys ( It is interesting to note that the northernmost point moved eastward although it appears to be west of the extension of the Krafla fissure swarm. This point is north of the fracture zone, i.e., it is on the Eurasian side of the plate boundary, so the observed displacement is reasonable from a plate tectonic point of view. In the southern part of the network (the Askja system), the boundary between eastward-moving and westward-moving points lies somewhat east of the Krafla fissure swarm, and corresponds to the Askja fissure swarm (Figure 4a ). These complexities suggest that the stress relaxation we observe might be modeled better still by taking account of the several discrete tectonic units within our network. In addition to these tectonic complexities the following factors may be responsible for the unmodeled discrepancies observed in Figure 6 ; (1) inaccuracy of the assumed dike widths including vertical nonuniformity, (2) anisotropy and nonuniformity of the stress diffusivity, (3) viscoelasticity or other more complex theology, (4) remnants of past spreading events, e.g., the Askja rifting episode in the last century and the M•,vatn Fires in the Krafia system in the 18th century.
Variation of the dike widths with depth is difficult to estimate, but the model adopted here is acceptable considering the goodness of the fit. The elastic upper crust is thought to be exceptionally thin in the neighborhood of the Krafia central volcano [BjSrnsson, 1985] and the stress diffusivity is therefore likely to be nonuniform in the study area. Incorporation of an accurate map of elastic layer thickness could probably be used to improve our fit. In the case of the third factor, we assumed thinness and perfect elasticity for the upper layer and Newtonian behavior for the lower layer. These approximations also affect the fit and the estimated stress diffusivity. A model incorporating viscoelasticity would result in improvement. Factor (4) is discussed later.
Stress Diffusivity and the Viscosity o] the Newtonian Layer

Foulget et al. [1992] analyzed the 1987-1990 Krafia deformation data using a one-dimensional stress diffusion model and obtained a diffusivity estimate that is smaller than ours by nearly an order of magnitude. In their study the data in a narrow zone directly to the east or west of the central part of the dike were used. In this zone, most of the GPS points
with good data quality (therefore with higher weights in estimating the diffusivity) are within a few tens of kilometers. However, the present analysis suggests that these points a.re most affected by the radial outward displa.cements due to the inflation of the Krafla magma reservoir. Ignoring this deformation source leads to an underestimate of the diffusivity because of the relatively large velocities still remaining in the vicinity of the fissure swarm. However, this fa.ctor does not entirely account for the discrepancy, and it is likely tha. t there is a real spatial variation in diffusivity in NE Iceland, a conclusion that agrees with known structural varia.tions in the region. In the aftermath of a major spreading episode on the plate boundary in NE Iceland, a major regional spatial strainfield was resolved. The GPS was used, and our observations would have been practically impossible using any other method. This work illustrates the power of the GPS to achieve new geophysical goals. A comparison of the results obtained using two different data processing packages and different analysts showed that in the case of good quality data the results were reassuringly similar. Interpretation of the results using a simple crustal model yielded a stress diffusivity of about 10 m2/s, and considerations of typical patterns of crustal structure throughout the world suggest that this value may be fairly uniform globally. The exceptionally low value we obtain for the Newtonian viscosity of the shallow layer of our model is qualitatively in keeping with what would be expected for a hotspot such as Iceland. Application of our results to study the predicted long-term crustal kinematics in the region around the plate boundary places constraints on the width of the boundary zone where plate movements are nonuniform. if global diffusivity is fairly uniform, then this width will depend mainly on the frequency of episodic movements. It will be interesting to extend this work to other types of plate boundaries. Figure   A1 .
The computation grid (Figure 2) was made large enough to justify using zero displacement as the remote boundary condition. Along the dike axis (as = 0), the following boundary condition was imposed. Dikes were assumed to have been intruded as six discrete units whose shapes are illustrated in Figure A3 (the "low estimate" of Tryggvason [1984] ). This model is based on ground surveying using geodimeters [Tryggvason, 1984] .
Several minor events were merged into single events (e.g., "1976 Oct" represents two events that, occurred in October 1976 and January 1977). Errors introduced by these approximations will be relatively minor because we are interested in the deformation field about 10 years after these events.
We ignored volcanic activity after 1981 because no appreciable crustal widening occurred. No initial movements were assumed parallel to the dikes; the dike-parallel motion is one of the products of the stress diffusion computation. 
